INTRODUCTION
Transient emissions occur throughout normal engine operation and can significantly contribute to overall system emissions. Such transient emissions may originate from various sources including cold start, varying load and exhaust-gasrecirculation (EGR) rates; all of which are dynamic processes in the majority of engine operation applications (1) . Alternatively, there are systems which are inherently dynamic even at steady-state engine-operation conditions. Such systems include catalytic exhaust-emissions treatment devices with self-initiated and sustained oscillations (2) and NO X adsorber systems (3, 4, 5) . High-speed diagnostics, capable of temporally resolving such emissions transients, are required to characterize the process, verify calculated system inputs, and optimize the system.
Conventional analyzers for exhaust emissions analysis include chemiluminescence, flame ionization, non-dispersive infrared and paramagnetic detectors for measurement of NO X , hydrocarbons, CO 2 and O 2 , respectively. These are generally steady-state instruments and hence can accurately follow only slow concentration transients. With higher-speed dynamics, these instruments provide only an accurate temporallyintegrated response to emissions transients. However, the peak and full-width-at-half-maximum (FWHM) values of an emission pulse will be grossly underestimated and overestimated, respectively. Correspondingly, these instruments have limited capability for elucidating the fundamental processes involved in fast transient emissions.
A mass spectrometer (MS) can provide the temporal response necessary to accurately resolve emission transients relevant to engine and emissions-abatement research. We have configured a mass spectrometer which is transportable, rugged and minimally-invasive to the measurement environment.
The Mobile MS (MMS) accurately resolves emissions transients both in terms of instantaneous magnitude and temporal dynamics (e.g., FWHM). The instrument provides an accurate total NO X measurement independent of the partitioning between NO and NO 2 . Additionally, a range of other species may be measured with similar tem-poral response. We have applied this instrument to the harsh environment of undiluted diesel-engine exhaust without any degradation due to high temperatures and particulate-matter levels.
The MMS has revealed emissions transients, relevant to understanding and optimizing NO X adsorbers, which were not resolved with conventional analyzers.
In this paper, we demonstrate the capability of the MMS for accurately resolving emission transients. Bench measurements are used to demonstrate fundamental instrument response. The engine exhaust applicability and unique capabilities of this instrument are further demonstrated via emissions measurements from a heavy-duty diesel engine operating with a NO X -adsorber system.
EXPERIMENTAL APPARATUS

Mobile Mass Spectrometer
The MMS is shown in Fig. 1 , less a roughing pump and controlling laptop PC. The instrument was designed to be fast, minimally invasive, transportable and inexpensive. This was achieved by using capillary sampling, and standard offthe-shelf components, including the ionization and mass-filtering units, with minimal modification. Sample extraction is achieved by any one of three 32-micron ID capillaries, which operate with nominally atmospheric pressure at the inlet and vacuum (~10 -6 Torr) at the outlet. In engine-exhaust applications, the sampling end of the capillary is placed directly into the undiluted test stream. The exit end of the capillary is connected to an ionization chamber formed by a standard cube with 6.99-cm (2.75-inch) Conflat fittings. A fan-cooled turbo molecular pump (visible in the lower portion of Fig. 1 ), assisted by a roughing pump, evacuates the ionization chamber and MS, and provides the potential for sample extraction. A third port of the ionization-chamber is used for pressure measurement via an ionization gauge. A standard residual gas analyzer (Stanford Research Systems RGA100) provides open-source filament ionization, quadrupole mass filtering and detection via either a Faraday cup or continuousdynode electron multiplier. The quadrupole and electronics control unit (ECU) are visible in the upper righthand corner of Fig.1 . The ECU was modified to allow continuous external control of the ionization potential to afford species selectivity as discussed later. The entire MS is remotely controlled (demonstrated up to 15 m) via RS232 port and laptop com-puter. The MMS head (portion visible in Fig.1 ) is ~38-cm tall with a footprint of ~18 cm by ~61 cm, and weighs ~120 N.
RESOLVING EMISSIONS DYNAMICS VIA MASS SPECTROMETRY
Capillary sampling is minimally invasive (small physical probe and small extracted sample), maintains the temporal order of emissions dynamics during transport through the capillary, and causes minimal temporal diffusion between adjacent sample packets.
Single-mass data may be acquired at ~32 ms per point (~31 Hz) using the manufacturer's standard software. Based on four points defining an emissions pulse, this indicates a sampling-induced limit of ~8 Hz; i.e., transient emission pulses greater than 8 Hz are not resolved based on the four-point rule. For mass multiplexing measurements, the manufacturer indicates a mass switching and settling time of ~8 ms. Combined with the single-mass acquisition rate, this indicates that the instrument may be multiplexed at a rate of ~40 ms per point per mass. If four to five masses are going to be evaluated at this rate, dynamics faster than ~1 Hz are likely not feasible. We are investigating alternate ap-proaches to mass multiplexing so that the phase of various constituents can be determined. These approaches include high-speed data acquisition at a single mass triggered to an external clock (e.g., reductant injection in NO X adsorber research) with post-acquisition tem-poral alignment of the individual mass dynamics via the trigger pulse. Alternatively, by directly sampling the electron-multiplier current, single-mass dataacquisition rates on the order of 300 MHz should be feasible. All data discussed here were acquired without mass switching and at a maximum acquisition rate of ~32 ms per point.
Chemiluminescence Analyzer Used With Bench Measurements
A California Analytical (model 400-HCLD) chemiluminescence NO X analyzer was used in the Bench Evaluation section of this paper. The instrument was calibrated on a 0 to 3000-ppm scale, and the analog output was monitored at 50 Hz using a separate data-acquisition system. The manufacturer specifies a 1.5-to 10-s response time to 90% of full scale.
Instrument Calibration
Instrument calibration was performed via a standard addition procedure using a capillarybased gas divider (Horiba SGD-710). Dilute standards of the calibration gas in N 2 were stepwise diluted with N 2 using the gas divider. Using the same species for the diluent and standard carrier gas, as well as using a dilute standard, minimizes the uncertainty of the gas-divider generated mixture resulting from viscosity differences between the diluent and standard. The instrument has a specified total uncertainty of 0.54% full scale with no indication of confi-dence interval.
Even considering worst-case specifications, this would indicate a total uncertainty of ~ 1.1% full scale based on a 95% confidence interval.
Bench Emission Pulse Generation
To evaluate the dynamic response of various instruments, pulsed synthetic-exhaust transients were generated using the apparatus illustrated in Fig.2 . Pulsed NO concentration ([NO]) transients were generated by periodically injecting a standard NO mixture (5000 ppm NO in N 2 ) into a continuous nitrogen stream. The system was configured to mitigate pressure dynamics associated with the standard injection. Standard injection was controlled through a pair of regu-lators in series and a pulse-generator-driven solenoid valve. The relative concentration of standard injected was controlled via the pressure drop across the solenoid valve and the driving-pulse width (i.e., commanded solenoid valve-open time). The synthetic-emissions peak height and width were controlled via the regulators and driving pulse width, respectively. Applications of the MMS for evaluation of actual emission transients from a NO X adsorber were performed using the system illustrated in Fig.3 . Emissions were generated using a Cummins 5.9L ISB engine operating in either a low-load or high-load mode at constant speed. System temperatures and key engine-out exhaust parameters for these two modes are shown in Table  1 . Diesel fuel was injected into the exhaust via a solenoid valve just downstream of the exhaust manifold. This exhaust mixture passed through 6 m of ~15-cm diameter duct, including a right angle and U bend, prior to the NO X adsorber. The MMS capillary sampled the exhaust just downstream of the NO X adsorber in approximately the center of the exhaust duct. A sample capillary length of ~61 cm was used, requiring the MMS to be positioned directly adjacent to the exhaust duct. The capillary was housed in a heated copper sheath, between the MMS and the exhaust duct, to minimize sample conden-sation on the capillary walls; no evidence of sample capillary fouling was observed even at excessreductant conditions. The high-and low-load engine conditions produced corresponding high and low exhaust temperatures, respectively, and high and low NO X -adsorber-efficiency re-gimes, respectively.
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Diesel 20 ft Figure 3 Heavy-duty diesel engine and NO X adsorber system used to generate actual emission transients. 2 and O 2 , respectively. These conventional analyzers were calibrated and operated over fixed ranges; 0-2500 ppm, 0-2500 ppm, 0-15 % and 0-25 % for the NO X , HC, CO 2 and O 2 analyzers, respectively.
BENCH EVALUATION
Species Applicability
The MMS provides the capability to monitor emission transients for a broad range of species. Some species may be monitored free of interferences at the mass-to-charge ratio (m/z) corresponding to their molecular ions (6); such spe--cies include O 2 , and C 3 H 6 , which are relevant to NO X -adsorber research. Other species, such as NO, NH 3 , CO and N 2 O, experience potential measurement interferences at their molecular ion m/z; examples of this include common-m/z and adjacent-m/z interferences. Common-m/z interferences arise from major species and fragmentation species at an m/z common to that of the target species (e.g., NO and CH 2 O molecular ions and fragmented NO 2 all have m/z = 30). Adjacent-m/z interferences originate from species at adjacent m/z values that blend into the target species m/z; for example H 2 O at m/z=18 drastically obscures NH 3 at m/z=17. In many instances, disparity of concentrations makes interferences insignificant. For example, an m/z-30 signal may be effectively indicative of NO if its concentration is ~10 2 greater than CH 2 O; similarly, m/z-44 signal is effectively in-dicative of CO 2 if its concentration is ~10 3 greater than N 2 O. Reduced ionization potentials can be used to provide species selectivity and reduced fragmentation, and hence mitigate the commonand adjacent-m/z interferences.
The molecular ion of nitric oxide has an m/z of 30 and experiences potential common-m/z interferences from fragmented NO 2 and N 2 O, as well as the CH 2 O and C 2 H 6 molecular ions as indicated by Table 2 . Nitrogen dioxide is very efficiently fragmented in our MS, as evident from its molecular ion or doubly-ionized m/z never being detected. This is an example of a beneficial interference and indicates that the signal at m/z 30 may be an indicator of total NO X , assuming the MS has equivalent response to both NO and NO 2 at m/z 30. We will demonstrate later that the signal at m/z 30 is a good indicator of total NO X . The interferences from CH 2 O, C 2 H 6 and N 2 O fragments may be reduced but never completely eliminated by using a reduced ionization potential. Table 2 Ammonia is a species relevant to the process of urea selective catalytic reduction, and has a molecular-ion m/z of 17. Ammonia measurement experiences significant adjacent-m/z interferences from H 2 O at m/z 18. Although Table 2 indicates that a reduced ionization potential can be used to discriminate against H 2 O ionization, the disparity of concentrations (H 2 O being greater) in most applications makes mitigation of this interference very challenging. Even with a very low ionization potential (~10eV) we estimate the NH 3 detection limit to be ~2000 ppm in the presence of 0.7% (v/v) H 2 O. This suggests that MS using the molecular ion m/z is not the best way to monitor NH 3 . We currently monitor NH 3 in undiluted engine exhaust using absorption spectroscopy and achieve ~20-ms temporal resolution. Carbon monoxide is relevant to the NO X adsorber process and plays a potentially signifi-cant role in both the desorption and reduction steps. The molecular ion of CO has an m/z of 28 and experiences a common-m/z interference with that of N 2 . Table 2 indicates that CO may be preferentially ionized over N 2 . This situation is worse than that with NH 3 since the interference is at a common m/z and there is a huge difference in concentrations (N 2 being greater). Even if the N 2 contribution to the m/z-28 signal could be subtracted out (e.g., via measurement at a N 2 isotope m/z), this approach would be difficult since the CO-induced signal dynamics are typically small compared to the N 2 -induced baseline. To realize MS-based measurement of CO at m/z 28 will require absolute species selectivity via laser or chemical ionization, or m/z shifting via adduct formation. Alternatively, CO may be monitored at a high repetition rate via an optical spectroscopic technique.
Measurement of diesel HC concentration via MS is challenging not only because of extensive fragmentation but more importantly due to varying partitioning between the fragments. Nevertheless, diesel HC fragment m/z values, which provide signals indicative of the reductant dynamics, can be identified. However, the fraction of the total ion population partitioned into that particular fragment m/z value may vary with conditions, specifically between test and calibration conditions. This would make calibration of the diesel HC concentration problematic. Despite this acknowledgment, we demonstrate diesel HC concentration dynamics in the engine-adsorber experiments via m/z-57 signal. Although these dynamics are of degraded amplitude accuracy, the temporal dynamics are generally accurate and can be used to determine the phase of dynamics between process participants.
Steady-State Instrument Response
The linearity and precision of the MMS response at m/z 30 to NO was evaluated via calibration scans using a gas standard of 5000 ppm NO in N 2 . A typical calibration curve is shown in Fig. 4 , which indicates excellent amplitude linearity over a wide dynamic range. The indicated dynamic range easily encompass the engine-out [NO X ] range typical for heavy duty engines. No measurement saturation behavior is indicated for [NO] levels up to 5000 ppm. A calibration factor (ppm/amp) is determined via the slope of the linear least-squares fit, and may be applied to background-subtracted MS data (amp). Via repeated calibration scans, the precision of the calibration factor was determined to be ~12% based on 95% confidence. No attempt was made to determine the source of this uncertainty, e.g., ionization, mass filtering and/or detector error. When combined with uncertainties asso-ciated with the standard and gas mixing, we expect the total uncertainty in the calibrated MS measurements to be approximately 15%. 
Total NO X Measurements
The MMS m/z-30 signal is indicative of total NO X , if the instrument response at this m/z is equivalent for both NO and NO 2 . If the response is not equivalent for these NO X constituents, then there will be additional uncertainty which will vary depending upon the partitioning of NO X between NO and NO 2 . For instance, this would create some distinct total response, A, for 90% NO and 10% NO 2 , and a different total response, B, for 10% NO and 90% NO 2 . Only if the instrument response is equivalent for the NO X constituents will the total response be independent of NO Xconstituent partitioning, and the m/z-30 signal be an accurate indicator of total NO X . Figure 5 indicates the individually-measured instrument response at m/z=30 to NO and to NO 2 . The standards used to generate these calibration plots were 1000-ppm NO in N 2 and 996.7-ppm NO 2 in N 2 . This data indicates that the instru-ment response (calibration factor, ppm/amp) at m/z=30 is equivalent for NO and NO 2 to within 1.1%. The response is effectively equivalent considering the uncertainties discussed above. Hence, the MMS provides, via the m/z-30 signal, an accurate indication of total NO X , independent of the partitioning between NO and NO 2 .
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[X] (ppm) We have found that with larger capillary internal diameters and/or NO 2 concentrations (e.g., 10K ppm) the instrument response can differ for the two NO X constituents. In one case the calibra-tion factors (CF) differed by ~12%, apparently due to sorption and desorption of the NO 2 on the instrument walls. The instrument response to NO and NO 2 may suggest the NO 2 fragmentation mechanism. Nitrogen dioxide is efficiently converted to NO, via thermal fragmentation, at temperatures above 600EC. This suggests the possibility for thermally-induced NO 2 fragmentation on or near the open-source ionization filament. However, this mechanism would require the NO 2 sample to travel near the filament, thermally fragment to NO, and then travel to the ionization focal plane. For equal parts NO and NO 2 , this mechanism would have lower probability for measuring an NO 2 -originating signal at m/z 30 compared to NOoriginating.
In turn, thermally-induced NO 2 fragmentation would predict a degraded instrument response to NO 2 compared to NO. Alternatively, an ionization-induced NO 2 fragmentation could likely occur at rates which are effectively instantaneous compared to diffusion rates in the ionization chamber. If such a process occurs and the fragmentation is very efficient, then the instrument response at m/z 30 could be equivalent for the two NO X constituents. Presently, there is insufficient data to conclusively identify the mechanism responsible for NO 2 decomposition in the MMS. Figure 6 indicates the transient response of the MMS and chemiluminescence NO X analyzer to an [NO] pulse. The measurements were independently calibrated and the commanded [NO] pulse width was 400 ms. This data indicates that the MMS more accurately measures the temporal dynamics (i.e., FWHM), and that the pulse is over before the chemiluminescence analyzer measures a peak [NO] . The measured pulse width is 410 ms and 1300 ms FWHM based on the MMS and chemiluminescence analyzer, re-spectively. The corresponding pulse maximum is measured as 2204 ppm and 804 ppm by the MMS and chemiluminescence analyzer, respectively. Clearly, the MMS is significantly more accurate in resolving the transient pulse width compared to the chemiluminescence analyzer. It is important to notice that solenoid lag and diffusion may cause the true transient FWHM to be more closely represented by the MMS measurement than the commanded pulse width. In general for 100-ms to 800-ms commanded pulse widths, the chemiluminescence analyzer overestimates the pulse FWHM by ~700 to 77%, respectively, and underestimates the peak [NO] by 84 to 37%, respectively, compared to the MMS.
Transient Instrument Response
The accuracy of the instantaneous MMS measurements in Fig. 6 is confirmed by comparison to the chemiluminescence measurements. Although the chemiluminescence analyzer does not accurately follow the instantaneous temporal dynamics of the NO pulse, it does give an accurate integrated response, as is typical for a steady-state instrument. Since the MMS accurately measures the transient temporal dynamics, the validity of its instantaneous calibrated response may be assessed by comparing the integrated response of the two instruments. By temporally integrating the MMS and chemiluminescence measured NO profiles for a range of commanded pulse widths, the integrated response of the two instruments was determined to be equivalent within the uncertainty of the MMS measurements. This, combined with the accuracy of the MMS-measured FWHM, further validates the accuracy of its instantaneous amplitude response.
The pulse transient measured by the chemiluminescence analyzer has a tail that is long compared to its leading edge. Measurements indicate this to be typical of the conventional analyzers discussed in this paper. This appears to be a by-product of the extensive plumbing in these instruments. Although these instruments may have a relatively rapid front-end response to an emission pulse, during the pulse some of the compound is trapped in the crevices of the plumbing. These trapped components take time to be flushed out after the emission pulse has passed. This flushing time creates the longer tail indicative of conventional analyzers with extensive internal plumbing. 8a Figure 6 and the accompanying discussion indicate that the MMS more accurately resolves emissions transients both in terms of instantaneous magnitude and temporal dynamics, compared to the chemiluminescence analyzer. Such accuracy is required to characterize and optimize dynamic emission-control systems.
ENGINE \ NO X ADSORBER EVALUATION
Reductant Pulse Experiments
Emission transients associated with reductant (diesel) pulse injections were measured downstream of the NO X adsorber at a low-engine-load condition. It is evident from the NO X baseline value that these conditions are not optimal for efficient adsorber performance. Based on a gen-eral understanding of NO X adsorbers, the trends of the emissions transients for various species can be anticipated. A portion of the injected re-ductant will catalytically react with O 2 resulting in a transient O 2 depletion and CO 2 generation syn-chronous with the pulsing frequency. Remaining reductant causes stored NO X to be desorbed, creating a transient NO X generation. Depending on the efficiency of the process, further remain-ing reductant may reduce the desorbed NO X to N 2 and other species; if the reductant was CO, the reduction products would be N 2 and CO 2 . This process would be measured as a NO X depletion. Remaining reductant will result in slip and will be measured as a transient HC generation. Because the adsorber is in an inefficient operation regime, the reduction step is not obvious.
Figures 7a through 7d indicate the transient emissions from a heavy-duty diesel engine and NO X adsorber system resulting from reductant injection as measured by the MMS and conventional analyzers (FID : HC, Paramagnetic : O 2 , NDIR : CO 2 , Chemiluminescence : NO X ). In these figures, the temporal location corresponding to the peak species concentrations has been aligned to aid interpretation. For all species, the transient emissions follow the expected behavior less the reduction step. As with the bench evaluation, compared to the MMS, the conventional analyzers overestimate the FWHM and underestimate the peak concentration associated with pulsed species transients. Investigating the NO X transients for a range of reductant injections, the chemiluminescence analyzer underestimated the peak concentration by ~80% and overestimated the FWHM by ~350 to 600% relative to the MMS measurements. The uncalibrated MMS measurements of O 2 provided the first indication that the calculated quantity of reductant injected was sufficient to momentarily deplete the excess O 2 , a crucial step for regeneration of NO X adsorbers.
The data in Figs. 7 are from an evaluation of the instrument designed to assess the transportability, robust nature and temporal response of the MMS in measuring actual engine transients. Because the absolute magnitudes of the emissions were of lesser priority for these measurements, the MMS was not independently calibrated for the various species represented. The uncali-brated MMS data in amps allows quantitative assessment of the measured FWHM of emissions pulses. To allow a more thorough comparison of the instrument, in terms of both time and instantaneous magnitude, the MMS data were numerically calibrated to the appropriate concentration units, ppm or %, based on the responses of the conventional analyzers. and appropriate conventional analyzer to develop an MMS calibration factor, ppm/amps or %/amps. This procedure was demonstrated in the bench experiments to be accurate for isolated emission pulses. Implementation of this numerical calibration procedure with this data set produced substantial uncertainties due to non-isolated emissions dynamics, noisy data, and lack of baseline information in some instances. The uncertainties are indicated in Figs. 7b and 7d as greater than 32% and 46% for the O 2 and NO X measurements, respectively; these uncertainties were determined as the precision of the calibration factors based on 95% confidence for multiple numerical calibrations (multiple data sets were not available to specify a number for the HC and CO 2 data). It is important to realize that these degraded uncertainties are not fundamen-tal to the MMS, but are a by-product of the inferior calibration procedure used here. Despite these substantial uncertainties, the instantan-eous magnitude of the numerically-calibrated MMS data provides relevant information. Specif-ically, the conventional analyzers significantly underestimate the peak species concentrations even considering the specified uncertainty of the MMS measurements.
This data is consistent with the bench experiments and indicates that measurements based on conventional analyzers drastically obscure the details of transient emissions both in terms of temporal dynamics and instantaneous magnitude. The MMS provides the requisite high-speed measurement capability to accurately resolve transient emissions; this capability is required to verify calculated NO X -adsorber system inputs, and research and tune the emissions-control process.
Full NO X Adsorber Cycle The NO X dynamics throughout an adsorber cycle are shown in Fig. 8a . For this data, the engine was operating in the high-load condition which allowed the adsorber to access a more efficient operation regime. At the beginning of the scan, -50 s, the adsorber is fully loaded and the system experiences a significant level of NO X slip. Reductant injection every 30 s is initiated at time 0 s. After ~200 s, the system has reached a lowlevel NO X -slip value. This low-level NO X slip increases as the adsorber reloads between reductant injections. The last reductant injection occurs at ~510 s. Following termination of the reductant injec-tion, adsorptive reloading occurs and reaches the high-level NO X slip value at ~720 s.
As with the single-pulse measurements, the MMS measurements in Fig. 8 were calibrated using the chemiluminescence measurements assuming equivalent integrated response. Appropriate emission pulses are in the range of 400 s in Fig. 8a and are both noisy and in the lower end of the concentration range represented in the data set. These factors cause the calibration approach to have significant uncertainty as is evident from the mismatched high and low baselines for the two calibrated measurements.
Both the MMS and chemiluminescence instruments indicate the same general trends through the adsorber cycle described above. Moreover, the chemiluminescence analyzer apparently has sufficient speed to accurately resolve the adsorptive-reloading process. Similarly, both instruments indicate increasing NO X slip associated with reloading between reductant-injection events. However, a high-frequency NO X pulse, synchronous with the reductant injection, is resolved only by the MMS as indicate by Fig. 8b . The origin of this high-frequency transient could either be tran-sient desorption following the reductant pulse or competition between the NO X desorption and reduction rates. The origin of the high-frequency NO X transient can be deduced from the various MMS measurements. The low-load measurements of Fig. 7 indicated NO X desorption with an insignificant reduction step, because the system was operating in a low-efficiency condition. In the low-loadoperation mode, where the transient is effectively solely desorption, all NO X measurements consistently indicated the measured NO X FWHM to be 1.4848x the commanded reductant-injection width; that this factor, 1.4848, was so consistent and independent of command width indicates that the MMS is the more accurate indicator of actual pulse width (compared to that command-ed). Based on this consistent behavior, if the highfrequency pulse in Fig 8b is simply desorp-tion, one would expect the MMS measured FWHM to be 1.4848x the commanded pulse width. The command pulse width for the data in Fig. 8 was 600 ms (1.4848x600 ms = 891 ms) and the MMSmeasured FWHM of the high-frequency pulse was 400 ms. This indicates the origin of the high frequency pulse to be competition between the NO X desorption and reduction rates. Evidently, the desorption rate initially overloads the reduction rate causing momentarily-high NO X slip; shortly thereafter, the reduction step overtakes the desorption rate eliminating the momentary NO X slip. Significantly, the MMS provides the temporal resolution necessary to resolve kinetic rates of the NO X -adsorber pro-cess. This unique MMS capability could be used to tune the reductant injection to minimize or e-liminate overloading the reduction process.
SUMMARY
A mass spectrometer has been demonstrated to accurately resolve emission transients in terms of both instantaneous magnitude and temporal dynamics. This Mobile MS is transportable, rugged, minimally invasive, and inexpensive. It provides linear amplitude response over a broad dynamic range for many probe species. The instrument provides an accurate total NO X measurement capability, independent of the partitioning between NO and NO 2 . In application for evaluation of a NO X -adsorber system operating with a heavyduty diesel engine, the Mobile MS revealed transient emission dynamics not previously resolved with conventional analyzers (chemiluminescence, FID, NDIR, paramagnetic detectors). Although the conventional analyzers provide accurate integrated response, they greatly distort emission dynamics, and generally overestimate transient widths and underestimate transient peak values. The Mobile MS provides the high-speed diag-nostic capability necessary to accurately resolve the transient emissions, and hence the ability to characterize, model and optimize systems for active catalytic-exhaustemissions treatment such as the NO X adsorber. The high-speed-measurement capability of the Mobile MS was most critically demonstrated in its evaluation of the NO X -adsorber system operating with a high-engine-load condition; in this condition, the Mobile MS re-solved high frequency [NO X ] emissions which were determined to result from competition between the desorption and reduction rates. Spe-cifically, the MS instrument provides the temporal resolution necessary to resolve kinetic rates of the NO X -adsorber system.
